Several studies indicate that GEs are generated by heat treatment and, in particular, by the deodorization step of the oil refi ning process. Accordingly, GEs have never been detected in cold-processed oils such as extra virgin olive oil 9, 10 . Due to the high GE content in oils with relatively high diacylglycerol DAG content such as refined palm oils 11 13 , DAGs were assumed to be among the precursors of GEs 14 . Additionally, some studies have indicated a correlation between GEs and partial acylglycerols 14, 15 . Therefore, lowering the DAG content and decreasing the heat used during processing have been proposed as GE mitigation strategies 15 . However, high temperature treatments are known to improve taste and decrease the amounts of volatile compounds and residual. Franke and coworkers determined that treatment of oil with synthetic magnesium silicate 65 silica dioxide and 15 magnesium oxide or zeolite aluminosilicate lowered the GE content 16 . They also reported that a decrease in MCPD-FSs was achieved by using activated bleaching earth ABE; Tonsil Optimum 214FF, Süd-Chemie AG during the bleaching process 17 .
Activated bleaching earth, which is derived by treatment of bentonite with mineral acid 18 , is the most common absorbent for bleaching processes. However, no information about the mechanism associated with GE removal by absorption or by transformation to other substances has been reported. From a safety perspective, it is important to elucidate whether a transformation reaction does occur and what substances are generated by this process. GE mitigation is desired for oils with relatively high contents of DAG. In the present study, the removal of GEs from diacylglycerols by ABE was investigated. Pure glycerol dioleate DO oil spiked with glycidyl palmitate GP was treated with ABE and the fate of the GP was monitored throughout the treatment. O, 2.1 MgO, and 0.6 CaO, was used in this study. Four edible vegetable oils including two rice bran oils and two palm oils were purchased from the market. Three batches of deodorized DAG oils made from soybean and rapeseed oils containing ≥ 80 diacylglycerol were obtained from manufacturing facilities. The contents of the oils, partial acylglycerols, MAGs, and DAGs used in the present study are listed in Table 1 .
EXPERIMENTAL PROCEDURES

Preparation of diacylglycerols
The reaction of MO and P-Cl using a silica-gel column chromatographic technique yielded glycerol palmitate oleate PO . Briefl y, 1 mL of P-Cl was slowly added to 1 g of ice-cooled MO in a solution containing 10 mL of pyridine and 20 mL of diethylether. After 1 h, the mixture was washed twice with 10 mL of distilled water and then concentrated using a rotary evaporator. The concentrate was loaded onto a chromatography column 20 mm i.d. with 60 g of silica gel and the PO fraction was eluted with 300 mL of mixed solvent B, which comprises n-hexane and ethyl acetate in a 7/3 ratio, after washing with 300 mL of mixed solvent A, which comprises n-hexane and ethyl acetate in a 95/5 ratio. The PO fraction was concentrated using a rotary 
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evaporator with vacuum under a nitrogen stream. The purity of the resultant PO was 98 , as determined by GC-FID. Glycerol dioleate oil was prepared by the esterifi cation of Gly and oleic acid following a method reported in a previous study 19 . Briefl y, 100 g of oleic acid was esterifi ed with glycerol at the 1,3-position using a regio-selective immobilized enzyme Lipozyme RM IM, Novo Nordisk, Denmark in vacuo. The free oleic acid and MOs were removed from the esterified oil using a thin film distillation device. The residual oil was refi ned using column chromatography 50 mm i.d. with 600 g of silica gel. The DO fraction was eluted with 3 L of mixed solvent B after washing with 3 L of mixed solvent A. The DO fraction was concentrated using a rotary evaporator with vacuum under a nitrogen stream. The composition of the prepared DO oil, as determined by the area of the corresponding peak in GC-FID, was 99.0 glycerol dioleate, 0.83 other DAGs, 0.05 oleic acid, 0.04 glycerol monooleate, and 0.02 glycerol trioleate.
Treatment with activated bleaching earth ABE
As feed oils, two kinds of test oils were examined under ordinary bleaching conditions 18 : DO oil spiked with 1 GP GP and unspiked DO oil GP . About 20 g of feed oil F was weighed in a 3-neck round bottom flask that includes an agitator. After heating to 110 under a nitrogen stream, 200 mg of activated earth was added. The pressure was then reduced to 10 kPa using a vacuum and the mixture was treated for 20 min at 110 . The resultant treated oil T was separated from the test oil, which was cooled to 60 , by fi ltration using fi lter paper No. 2 . The absorbed oil A in the filtered ABE was recovered by mixing 20 mL of warmed ethanol with the residual oil using a fl ask and funnel followed by concentration of the recovered ethanol solution using a rotary evaporator under vacuum with a nitrogen stream. Each treatment was repeated three times.
Analysis
GC-FID analysis was conducted to quantify the following targeted analytes: glycerol, PA, MP, DP, PO, and GP. An Agilent 6890 GC-FID system and ChemStation software Agilent Technologies Inc., Santa Clara, CA USA were used for analysis and integration. A DB-1 fused-silica capillary column 7.5 m 2.5 mm i.d., 0.25 μm film thickness, Agilent Technologies Inc., Santa Clara, CA, USA was used for the separation. The injector and detector temperatures were 350 , and the oven temperature was programmed to increase from 80 to 340 at a rate of 10 /min; it was then held at 340 for 10 min. A 1 μL aliquot of the sample was injected at a split ratio of 1:10. The flow rate of the carrier gas He was 1 mL/min. A test oil 20 mg containing 200 μg of internal standard was derivatized with 0.5 mL of the silylation agent and then subjected to GC-FID analysis. Each substance was identifi ed based on the retention time of the standards. Calibration curves were also obtained for each of the standards using IS; the limits of quantification LOQs were defined as the concentrations when the signal-to-noise ratios were 10. In this study, the LOQs for glycerol, PA, OA, MP, MO, DP, PO, and GP were 150, 20, 20, 10, 10, 10, 10, and 70 mg/kg, respectively.
Direct determination was conducted using the LC-MS method to determine the GE content of commercial oils 5 7 .
Briefly, GE-rich extracts of oils obtained by double solid phase extraction treatment were carefully dissolved in a methanol/2-propanol 1:1 by volume solution for LC-MS analysis. Five species of GE, i.e., glycidyl palmitate, glycidyl stearate, glycidyl oleate, glycidyl linoleate, and glycidyl linolenate, were identifi ed.
RESULTS AND DISCUSSION
ABE treatment of commercial edible oils
The effects of ABE treatment on the GE content of commercial edible oils and DAG oils are shown in Table 1 . The GE levels before ABE treatment varied with the individual oils and tended to be higher in oils that contain a high level of DAG. In particular, DAG oils had a remarkably high GE content. However, after ABE treatment, the observed amounts of GEs in all oils were reduced to the limit of quantifi cation 0.1 mg/kg for each GE . These results demonstrate that ABE treatment is promising as a process for the elimination of GEs from edible oils, as previously shown by Strijowski and coworkers 17 . However, GEs must be eliminated safely. Therefore, it is important to apply ABE treatment during the processing of edible oils to monitor the fate of GEs throughout the treatment.
Model study for GE elimination by ABE treatment
An oil that contains a high level of GE in DAG was selected in order to analyze the GE elimination mechanism during ABE treatment. Glycidyl palmitate in a glycerol dioleate system was used to monitor the fate of GEs with a palmitoyl group.
The ratios of the amount of the recovered weight of treated and absorbed oils to the feed oils were 97.25 0.28 and 2.75 0.26 for GP oil treatment, and 97.12 0.12 and 2.87 0.14 for GP oil treatment, respectively. The total recoveries were 99.99 0.02 for GP and 100.00 0.04 for GP , which suggests that almost all of the oils were recovered after treatment regardless of whether the oils were spiked with GP.
The chromatograms of these oils are shown in Fig. 1 . After treatment of GP , no GP peak was detected in the chromatograms of both the treated and absorbed oils Fig.  2 . Therefore, ABE treatment shows promise as a process for GE removal. Notable increases in MO and MP and a slight increase in DP were also observed in both oils; a small amount of glycerol was confi rmed in the absorbed oil. Treatment of GP resulted in a small increase in MO. Activated earth effectively absorbs polar compounds such as MAGs and glycerol, as determined by the greater concentration of these compounds in the absorbed oils. These changes in composition indicate that the treatment removed the GEs by a transformation reaction rather than absorption.
To elucidate the reactions involving GP during treatment, changes in the palmitoyl group during treatment of the GP oil, which mainly originates from GP, were tracked to monitor the fate of GP. The molar balances of palmitoyl groups are shown in Fig. 3 ; in this figure, the number of moles of the palmitoyl groups in the feed, treated, and absorbed oils originated from 1 kg of feed oil.
For example, the moles of GP, MP, and PO, and the doubled number of moles of DP in each of the oils were calculated. The total recovery of the palmitoyl group, which is the sum of that from the treated and absorbed oils, is 99.1 1.3 . This suggests that the GP was almost completely trans- formed to MP, PO, and DP. The reaction is proposed to occur by preliminary ring opening of GP to form MP under acidic conditions. Many reactions caused by the acidic character of ABE including isomerization, polymerization, and others have been reported 18 . In this case, it appears that the increase in the amount of diacylglycerol containing palmitoyl groups is responsible for the interesterification reactions between the resultant MP and bulk DO. Accordingly, an increase in the amount of free glycerol was confi rmed. A small increase in the amount of fatty acids indicates that this glycerol was also produced from the interesterification reaction between partial acylglycerols. Thus, one of the primary fates of GP involves epoxide ring opening by a reaction with water in the ABE or in the bulk oil under the acidic conditions of the ABE surface. Subsequent interesterification between the resultant MP and either the bulk DO or the MP itself produced PO, DP, and MO Fig. 4 . The water contents of the ABE and test oils used in the present study were 8.0 0.0 and 0.03 , respectively, which is suffi cient for the hydration of GP cf. 2 H 2 O/GP . Naturally, the amount of GE in the oils is on the order of milligrams per kilogram. Therefore, changes caused by the treatment were very low. In the present study, we confirmed the fate of more than 99 of the GP. As a result, the remaining amount of unidentified products would be extremely low, i.e., a few digits lower than the original GP content and on the scale of nanograms per kilogram.
CONCLUSION
The result of the activated bleaching earth treatment of glycerol dioleate containing GP resulted in the complete elimination of GP and the concomitant generation of MP, DP, PO, and glycerol. It was determined that the reaction between GP and water in ABE under acidic conditions dominates the removal of GE over simple absorption. The reaction involves the initial hydration of GP to form MP, which then undergoes an interesterification reaction between MP and bulk glycerol dioleate to generate PO, DP, and glycerol. All the generated compounds were simple acylglycerols and glycerol. Therefore, ABE treatment could be a useful process for GE elimination during the production of edible DAG-containing oils. 
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